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1lto porfo.-nceof ll>dI.&n.... A!l-w..:.1.~ and Type II .""ra.o .. = .vorl...
tel' p>rUand a.""t co~cnt. hu b<len tllo ub.lllCt of """h inY•• t1.gIUOO ill
t.ho paot. .....Nl 1...... til. J>W'pwo or thie papw is to _=-rho ...... or
the ~to "f .. 0-" or tho tield at.udi•• thot i'I.a.... _ ..ada ahioh d<ll.l.
.1th ll thinp u tlle .rr....t or tll1eknu. of 1ll:r ""d .""pactt"". In
ad<l1tloa.,~•• "f .0lIl. of the cp...,1tlo l"'ob1 t""t ""... ~o eneOllllt~d
..... "'11:18 t.Illo t.7l"" of ilit<wo tor &t\ ov..-lllJ' W ...trilt.&d, ""d .t..... t~...t
","we _. \al<en to ""be tho problGOll """ """.., lAd. nnulr. tbe current
...........,h 00 this aIlb.l""t 10 <Ilac.esod b.r brhl'lJ' d....rlblnr _ or tho ....1'11:
1n p""gI"l"o ot tho Jo1JIt 1t1Ch"., R.......,h P.....loet Lal><>rotor!eo.
txotr.1a!!lt.tl a.-rIAl - S R 37
!'Molen... dooiJll ..........rUblol _1>1011 "'" lMlodO'l 1Jl tho coltlltr....Uon
o:"an oV'Ula,r OJ\ st.ato /bad 37 booteeo. E,l""od aIld Nobl....Ule. Thls DYera,y
bW.lt 1n 1950 hall .. It.ando.rd t.hleJcn<.. cloll!fll or obout '3--1/2 1:Ioh.. Cacpo..d
or l~ J>OW'.do po:' 8'1...... fUd of bit\dor atIli 100 pQI:Jllio ....1' sq"""" ra1'4 or
.....rae•• Ql1 OOCtJ.OM 1,000 teot 1:1 lo:>gth othe!' tMeMOII" ....... ~op4
... rou"".,
1. About 2 1nI:"'. t.ot&l., .,,",poae<l of 100 powId<I pol' aq...... ford or bind...
""'" 100 p,,,.,,do p..- Iq""n 1&r<l or .""r.e••
2. About) 1.nehu 1<>W, e_~ed or l$O polll!lb per equu. 1ud or
bitld... .."d UO pol:lldoo por "'I"""'. )'anI or .""r""e.
3. ibol1t 4 1nehu total, e""l'00Ol1 or 300 pound~ per "'I....... yar<l or
binder lIJld 100 pc>Wlde per £<I........ , ....d or eu.rrac••
eone....te p"_n~ 1I.1t1l bo~lI jolllte<l and. no....jolntod o1.ab d.lI1gn 11
1nelu.de<l in tM. part or Stete Road )7 ...~d t~••e ,""per1mJl~ onrla,y. or
......1""" thiel<n........ro o",,"tNoted on Hell 1n order to ahd,r tile .rrec:t
or ~1Ie ~)"I'O or """"roto p;>_nt OIl the plrron:anc. or the ........r.'01JIl.
-,-
!!do .......u" .." :1I t. Ibod :n u ..,.,.. at.>at .,.."" ,...... old _, acopt tor
t.bo~. of n ...u"" ..r..,h. the p-rl_o<> U .u."r.et.0T7.~ 1
.-. " '1'1_ or UIe rood \II" JolJrt..t ""","",toe _Uoc. TI\l. U " &OOd
GIOIpl. or t.bo 1M£<:1Od1l1 or w. trPe of _r1.,. .... oood. ..too to
bN"7~ lrW'nc """diU l'l.....- 1 ~,,~..t W ..LnU _1Ilc
_1.1.... of W. n>&d (~2 to 4) rr- ptct=. 1Ib1c:l> t.1.bcI
U _. 1m _ ""- O'R.~l&J' ... _t 7'ftl'II 0l4.,
m \lt1c__lp "" Uta ..... <11<1 ....e pur_ .....11, _ t.Mno
U ........,. \bot _.,. l.tirB~ bOo_~ 1<1/1: _ c_UJ...... In
ncv- 2, t~ ~. 10M,.. 1••_ fer t.bo Jolllt.ed .....,Nt.~t "
·tnl~" ...n ..Uoa aacJ< 111 tJ>e r.........1ftdl tMc!I fJ'Nrla.t "" tbe laft c....,..-.4
to" '7P1uJ. 111 ~ _incll l.Illck _1..,. 0lI Ul. r~t. n.. .....eI< 1Jl tJ>t;
"""'"inch tll1e1< 1.., 1.0 ...,.. Ie........ It loU &1.... l'" u.a. of eM Joat
...... Nall, 11 I .,.,. of IU>ltlple " ....,Ita _itll Ul\lcJI of bltll:l.l.ootl3-c"""...t"
.-l.Jltu bq1nn1n4l to !HI craol:.d ott. TIt. C!'tck 111 tIM f ........1IIo" WI10k ""er1l!J'.
m. U.,.-....lni.n,r on•• It 10, Cor tlul _, pl.rt, ".1n&l" crack and
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~ J aUl1J,u~_r~ till> b.1t-.....-.-..w oY1tO"lQ'
pl_ "" I.bo """" "'" po._"t 811."""1. t .............. Jo1tltlo. !!WI """"...s. ~
.. twIT .~ ,,~ 1.<;l~. ao.r al>II anu •.......,.. 1.<lUca..... I.bot _
ot I.bo c.....u 1A I.bo """"Nt.. rel'l...t.ed 1tl I.bo _lAI'. 1\ -.:I be _
tJo. nc- J. _nv. \bI.t tIM_ ....-.. ..... .-.us _ 1_ ........... u..
u.o- 1<1 I.bo J<W:Ite4 CO<II:...tc NCtJ...... <lp1lt. t.... pvto...... or t!lO 1--.
lnoll l.IIlclc _1..,. ...~ ""'" I.bo _1r>cll th1ck _ oUiI Lbo f ........1AcII
Wok _U... an I.bo 110ft.. n,. oon'I.U1011 of Lila "ncb !,nd1u.... _ ~
.....t.tco tor \110 thl_ 11.J'. 8.1.1. I.bo wrONllCO 1a nI>" .. P'Nt .. tor I.bo
cu...itll Jointed oo""... to po._O"".
A -s>'U'100<l betaoo" tho pwfonao.nco or tho t.hrM-1nch tMo:k 0"1lT1..,
.... JaJ,n1.M. MIl ""....jo1tlU~ _r......... ..,,,.,, in~ 4. 1M Jo1AtecI cCD-
",..t. h oa Lbo l..n _ I.bo _Jo1Jl1.eII _ ......~ ... OQ t.h. r1&7>t. Fo.. tt>a
tMclln.... 1Iblc!l ... ....,. Rloao 1.0 Lila~d~ tot' u.. road,. U 111
_ ~ UW;t ren..,t1oll ......l<I.<I,( 1-. 1.................. _J0l."hd. eafIIONt.<o.
l!mtlb S\g<!l"
Snv&1 M$U<>oal o1.all1u ..... __ an I.hUI ....,,1<111 of $Late Ito..t:n.
_ or _11:11 IIo.d t.o <II> 81U1 .....,..,U"" of '-1M tl~ _ ...w _ wb-
_t 1J'lc:aUoA of toM dxtun rr- tnrtJ,o .cUM. SUpla or I.bo
.u.tun obtal.Md ._ &t~ _t.rue:U"" n- aro&:o of I.bo pnwuat
Wd<>h _ in I.bo ._1 " ...oa ot • tnJ'flc 1.... MOl fI'<III. ....... bot_... I.bo
....1 ",...,g. 1heH lUIp1u t.ak... 1n MC!l of tbo u.r.o cldekn... dull\U
&IIoCl r .... 1.11. t..t ..."tio"o both JolAhd _ non-Jo1nl.<od _ ...1.00. u..o.
t.bo HIIpl~ ... dIIpli.,.tod !or t.b. IIOrl.l>-bowId and ....""_t.,..nd u&t1'1c 1_.
1MM1Io, 4e""no1.nAtI .-d• .,." IOU -.pl.... nu..o~ "'p"."-It
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':bbl. 1 ~~""~ t.I!....... tl1h of tha fir~t lIlId "",,0fl4 """'I'll.... tabul.n~d
•• t~.t .. c""'l>i'riaoJl ""':I be _d. of "-nIIill in tI\<I ,,~.D1 f.>Mlc. Tel""" t.....t
betH•• the ..heel 1,...,ka, Tl\OH reault. _ b1nda,. """ ....r"". dendt,
•·•.h .. to be .!AU..... In addlUcn. n t:>a¥ be n.1d \bat th_ .ppo,.... t.o be
no pra<:tlcal. dittarenee I>ot .." the "-'o1t..7 .....alh of tho »<>pl."" tlll<on
I'l'<IO we ..!lN1 track. 0"""" 4 1.0 t.ho.o hk<>n I><>t"••" t\. "mel tree::",.
lIaturaJ.1J'. loar t. y diU ""ea IU'. 1\i6ll7 d£llillcont lllld. t....,." l'<>aulh
.boII II"" .. p..._ot d U1e. -tell ...."...tod loa<b. TrIo)' lila••~ • t.r.I>II to-
_ unitMD.1tl" of ".".lty tMI elid not ."let 1ata<l1ahl,y after con.tn>et.1on.
While oonddM'1I>, praotlc>J. and I1V\1f1caot din.....n... It 0/l",,14 be
"""ol'dd tll.>t~ or ft:'lanco ••1'0 pertoI'lMd on tho Q:n.-ltT l'uo.1to
ah<1ftn 1tI TlIb.le 1. rt", •• ana1ra•• ar.o-od ow.t1eUcal ali!:l'1!1c""". DYe>' t.hfI
,",,010 kbl. but, .. _t1.fIu 1'1&:.1'0.0, tho ditt......... _l.are4 to be signi_
tic""e b¥ tM ""al,JoilJ Ure not thollg!lt to bo "" in n practJ,c3J. """•• Sw...
"'IueJ>t .b,ofVat.1OJ1 ot tho ro.d 1n oucc.0dillr 1fI.... hu J\l.OUn"" th.1a ....1.....
11"",
hblu 2 and 3 oil"" too. CaoPUUOllO of tb uJ.h tor tile thr...
en.jlJ.1ne per1od•• 1'able 2 .!low•• oaopari.OJI of: d ltl Ya.l~.. tor var1GU
thlekne.. dnl.<:M over joloted and nor.-.Iolohd oo~.c"'te &/ld t.ble 3 .~..,.,•
• 11aUar co.P'"'loon tor the thlo!<n..." de.l.Dl" 10 the nortll-tlow>d .."><1 .outh-
boW><! lll/'ln. The•• """"itT val"". 111 T.bl.. 2 and 3 tor tho eoob.1ood
blndlr Ind .,.,.t.oo. CcAper1eon. l'I<l1clte that ndt.~ lin' pooition nor concn""
deaien oppeM'8<\ to .of:tect t!>o denc1tlc.tlon or t"" 1Obl.u:r. 10 ......lc••
Table 1
llon.~Ur TllI~ Relul~1 _ 1;;I::pa't.-nt.o.l Ovo.r1ay .. 3 R YI
Co<opu'io"''' of Dol\.d~r 10 and Bo~....n \;/I1Il Tr~,
I'<>w>da p.,. Cubl~ r""t.
tll1ckn... Del1&l>
"" ..~ 1~ Il1J>dl 1001 II1Ador AWI"'~...,.. 'p Po,Ulan 1001 su.-f. 1j{\II SUrf. 1001 Surf•
O~, rob. Trl<. "'.• 139.8 1)9., W.'
~V
Mo•• ll>t.. Trlr.. 141.0 0'" 1)9.2 0..,
, -. "III. Trl<. 14'.4 14S.2 145.2 145.)
Bot.. Trlr.. 14'.4 W •• 145.0 145.0
O~, II!:I. :l'rk. 0.., W., 1)9.2 W.'_. Bot.. Trk. 0.., W •• m.' 141.2
Surf..,. ,_. \\h. Trk. 1./06.4 W •• W., 145.9
Bot.. Trk. 14S.1 147.4 US.) lC1.9
• II •
toMa 2 .
DenlltJ' Tut llooultll _ Expoorkental O'farl.a.,y, S. R. 37
C""I""'-1""" or raulty Ov.... Jolllted III~ t;"'~-Jol.n.""d 1;oo<:....1.fI
Po""o2o p,.,. Cub:I.., JIbot
1h1"kIloaI Dcll
Con<::'tIl.fI
3001 !ll.n<I.... l~ 8lDdor "'" ""'"''p ",. lCOl Su;l'C""O l~ Surr." 1001 S""fac• Avorap
.., Jolll~ llL' "-'.. ".,., UO.l
.~. lIDn-jolllt.ed lJ9.3 141.2 "-'., UO.,
, J01JltK U'"' 144.7 11.).9 ll.\.,
,~. Mon-.lolate<l 1.4~.2 11,/>.9 "'., "'.,
, Joint.od 141.) 147.9 1~.9 141.0
".. 1I_.lo1n~ 147.2 147.' 147.7 147.~
_u_
u..~U7 hot ~t..I _ ~t.->\a1 Ofe:lq, ,. II. :11
e.port- of _Ul 1n II""'" and $olItJl-tlMand L&8N
I'ow>d8 I'v C8b1_ root
.
""- ".,..... - ,.. ..~, ".. ...- lCOt _.,.
."~lOOf' SUrf...o UQr Surfac. 10Qf !lIu'tac
.., •• -lbw>d UM W., "'"' 11,0.1-. '.-Do......" uo.~ W .• 139.8 W>.,
, 11,- Bolllld 146.6 :W.7 144.9 US.?
Ire. s.__ 11,4.1> W., 145.4 U5.4
,
'.-~ 147.6 U7.7 W.O 147.4






























































































































































































































































































































































































































































































































































































































































































































































































I'OWlclo r-r Coble Foot
1'001- n.J.ckn.u Deel
'p 1'''" "'" ""'~ 15001 Diniler 1001 III.~
10C\d Surrao. lSOI Sur!.". lOOj S\lrt"",
~, ~: 140.1 W., m.,
1:0•• ~: UO., W •• m.'
, ~ U.S., 14}.9 14S.0
,~ ~,. W., U,", U5.l"'.
, n:: l47.6 1.47.9 147.2









































































































































































































































































































































































































































































































































































































































































































































































































'p ~.. "'. , "'. ,
1 to ,
l.4~.7 >M.' W ••1l000thi
• U9.6 l~.O u,..,
,~
-"--
At t.~.... tbo""d a"•• of U. 3. )2 "tld 20 roN>' ih 1nt...·~octl""~ dt~
sev""th AV«>,," J.... t • .,t or 13&r:r. tI>1.e plot..... " •• :.0."011 in lial'alIl.... 1~S3.
It .~l¢h ti.ol. t~ O'ferl~ UI th...,. ye.au old. TIll 140t that t"a ..1;l:.tur<o
!lad bel" 4"bJ"t. to plutie "'''''...''''t ..... oYldl"t rroa t..~. pay....nt '<!zo.
n.. ruts ..... or t.h••r""...r ..~Pl1tud. ot • t.entll of " te.t. Tho r.>lxtore
us llter3ll.1 tol:>,<: -,:u.e~.d ..ide W\d... tho ".u.~ or tll& "hlel l""do.
!hI u:oe int.....etion in I!al'Ch. 1957, i. s"","o in n ..." .... 6. 1M.
vi...u t~Oll J"ot &cr till roed !rca tho "",,ic~. 0::•• 'I'ho -urk. in
t.ll. "hod track ......u not .cd or plleho., til<>l _ thl WKllr1J'1.ag
."".....te. In t.hla 1nltanoo, tho Nttint hao prolr....d to tile uHb...l0.
The ."11.... t..'l!Ckr.CI' of tim ..!xl..... h.5 bo.n dUpltcrl.
It took at leut t". yoer. tor ",,,oil O',ld<:JI•• or iIIotllblllty hIli""
In tM .... lll....tr.tftd 1n !'igor•• 5 and 6. 00 •.••th... o.cui<>.~ tho porl.cd
.... onq a t ... IIOJIthe.• Figuro 7 .lIon. ""In looldnll ,"""th .0 IndlllMpoU..
Ilo<ll.uard. trOll t.'M 1a~.r~.ot1e~ ,,~t~ ISbt Su-.t ill {"ot CldeBtO. ~8!\111,
tho ple"Ue utllN of t.... ai-'<ttlN 18 illultrahd by t~. a:pUcnt f1.<>ol of
t~. b1eU:ll1no,," cone.... t ••
Ot~or loeltlo"," ill t~. stot•• 1l~1'" ""tr_lJ' .......ro trarne oonditlo","
uloot ~"Y<I lIh""n .10.11"" ....::Il.t.e. !'1"..,.o 8 1110:'0 on. ot two tl'<>not,Q out tor
tM fUll d.pt~ at t~o .....""ta"l.n& ......,... the outd';', 111'.1 of po.vacnt on U. S.
40 nQr Inclllnopolll. tt:1 p,w_nt diotol'tion c .... bo 1M. bot~ f ...... t~1 cut
tae. of tit<> tr"'o" &/ld tr,.. ttto ,,"hr on tM "".._~t _ll1oh 10 ponded 11> tl>o
I"\1t. in tho ..h...l_trlok :In.... Thlo tnnoh .... out "PPI",;dentOJ.r 7}IJ f ..t
b&ek tr"" :.ho .u.....t IJ.t;noJ.hld intel'loet1"". Anoth'" tl'lrl.h Oot It tbl tote....
,"eUon 11\""0<1 100,"" di.tortbll tllan thl CUI llh.t""tcd.
TII1~ tr<:lICh1n<r """rAtIon. 11> 1<:<I1Uen to en&bl!.lI8 0"",, to ...aoLIn r.tUll!.
aho'Irod thlt tho ovorl..,. hId .pread oot In • t:':lll'Vlr~o <\irocUcn &<> thll.t it
-~-
txt",,""d .....:Lx ihCh.. be1On~ ~h. 0<Ige of tho ~OhC... t. k .Mob U U.II
placId <1""'111& cOIlltl'UdlOll. S<leoa<ilJ', it ..... t.",,4 tu.. an. ....I .... Uan of
tho .....d racI tho. both eM tI1Il<lor aa4 ow-t."" 1aJ'lro "no ll1.t.orted lJI the
eh..-l_tor.ok ........ Th1.1"dl,y, _ t.IIh h lll...trat.d l.A flJlll'e 9. it ....
found r <lenIn,\' ....u""...ont....do on uapl.. f.oketl It c:J.o..l~-4poc""
101.<0 18 Ie,.".. eM trlLfUc 1&<>1 chat t~. dO""itf It co••1><t..,.., ...
••nntiaJ.l.l' tho ....,. ref!M"dl."" .t ....pl. _11100.
In I'1gure 9 ...... "...~d tile d"".it" &t.a tor tt.o-toot int• ..., .
Ie"".. tho cro",,'. Tb. 1"" valul that .... cb.....,"d nOU eM ""v t eclge
1Jl<>!od•• 1",.1 ''''9le. that ........ obvlou-l,y utld.......""p""••d.
oUlot tho•• tact. I .." to eM e<>ne! ... lon th.t eM foU Ulld...
••""lder"Uon urI .,,,ud by plasHc n"". ",. M&l1,-ot1oll of th ..
failures and thoU ,,,t,,,,. 1"'1 eM Indiana Hl/lh'o"¥ Dopart<oetlt to =~if¥
elloir bltUll1noul concr.t. by ••nr:>l 0WO-C""•• Aaphlllt ""ntlnt ,.....
era1lT "","bo." l"edUCld 1. botl, chi blnder IlIld .""rac. lar""•• In _
1nst.atl<:u. ~ ...,.;14"", .R....C.te dOl of tho blndu hal be"" In 4 &nt
u,. thiclm..a <>t Wlio l",.r ltIc.......d oith ••0r.....potld1ng d.c " •• 1.11
.urlac-J.~er thl.kn.... In "ther l./l.tOll... tlHo r"Uo of 00 _.,;at.
I.<> fine ~.E'lt. ha. bien 1lIcna..1 ill both the b1ll<!er orul tr.e .urt""••
?orhops th... _if .aU"n....111 prod1. the ."l"Uon. th..... hOY. be.n
" ....rl.,. built IMOl'!'OrAt1~ on. or ,ore <>t tiltt.. 1001Hleetlon. ~hloh
aweAr to b. porfGZminC quit...tiofa.torl.1J' at tho r ......nt tla. ""d...
• .....- ......lc. O",,<llUOM.
An """"'"flI.. ot tha 1... ""tion of loldLonapola B>\lJ.av.1"d ohl<lh au
.........fac.d 1Jl 19SJ. and ""loh .....rl•• the t..-atfl0 of U. S. 12, 20 Md 41.
!hi. o 1.&;r'••t the tlM of thle "rlting I' alIo<>"t t_ , ..... old and
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t.h1a ..,r~ or t ...t at ......1""'. tooopuatu..... ""d a1th Tar!"". load., b t/><l
0p""t-n. h repeate<U,r 1"'''0<1 it k~CIl..w..tea • per<WIanl ".( t10<1 ,,1I101l
...., be c.,.."...able t.o tho tend"""". to rut t:",t "". -. ON lt<l.
111 k"plnr a noot'd. .r tn. ""eWllll1atl"" or We ",,"""'one <kt........u ...
<ku'lr>;: the tut, ""e ...., plot • ~aph or tile lort ohown 111~ ll. III 11>1.
f18'J.N1 1. _'-0 ... plot or la, .""ulatl,.a pel'KllO<lt der Uon "" the
••rtieaJ. aca.l.a Yen... tho lo!aritla or t.ha nlllcl>o:' or load ",,11110:>11 on tllo
I>orhotltal :>c.ala. Th1a p"'rti<>.l.la,. llluatration h tr<>:l l ... t. "'" t"'l &n<l 101U'-
lIIeh tMQk eo.... or AK.ll1nda.. ""<11)1"" S ....ta•• Uoi.d at 11,()O F and ll/IdIIr
• conuet jIl'Q'lU'a or 200 poi. 1flt.lIont 1I01na ltIto IllIJI dot.oJ.l, .. 8111 _~t
_<mlr Ulat it 1a t..llevlOd that tna olope or tl>U& U..... an<l tne po1nt o. tll<l
Una .t "lI1oh t./l. dat.a boI~1n U1.Jz "P"'U'd dovlation MY !>avo ...... 11l,,>iIleanca
dtll ....pect t.o UHI potential ebU1t, .r t.h. mixt"". to <dthal.and ....poo.t.ed
appUoaUOl1I or l""d. 1hl.. lui ...11>0<1 1. still 1lI t.IIa d...olo,....1 .hge lloae
it olio•• grMt p1"Olds., t>arh&pe at _ lut.... l(oa" Sohool tllore will 1><1
tW'tn.r prc!'l'OU t.o be ..o""rtod on thi. subject.
•
u""o-c'n:u ~[I'lE.TC l.OIoCI TnT lIl_n
""1 ..... 0
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